Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 381 983 

A2 



© EUROPEAN PATENT APPLICATION 

© Application number: 901O1242.7 <£) Int. CI. 5 : G02B 26/10 



© Date of filing: 22.01.90 



© Priority: 06.02.89 US 306351 


© Applicant: ROCKWELL INTERNATIONAL 




CORPORATION 


© Date of publication of application: 


2230 East Imperial Highway 


16.08.90 Bulletin 90/33 


El Segundo California 90245(US) 


© Designated Contracting States: 


@ Inventor: Culp, Gordon W. 


OE FR GB 


13832 Haynes Street 




Van Nuys, California 91 401 (US) 




© Representative: Wachtershauser, Gunter, Dr. 




Tal29 




D-8O0O Munchen 2(DE) 



© Constant velocity scanning apparatus. 



© The present invention relates to an optical scan- 
ner of a design whereby mechanical wearing parts 
are minimized. This is accomplished by using piezo- 
electric actuators to supply thrust energy to move 
the reflecting mechanism of the scanner and using a 
corresponding and cooperating piezoelectric actuator 
at the other extreme of movement of the reflector to 
sense the amount of impact for use in calculating the 
energy to be supplied for a return thrust. The mag- 
nitude of energy required is minimized by using 
contact pads between the scanner and the actuators 
which effectively operate as short-stroke springs 
whereby the actuators only need to supply the en- 
ergy losses in the pads and from windage and 
bearing friction. 
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CONSTANT VELOCITY SCANNING APPARATUS 



THE INVENTION 

The present invention is generally related to 
optical scanning devices and more specifically is 
related to a constant velocity scanning device us- 
ing a reflector such as a mirror and a minimum of 
movable, mechanical parts that might deteriorate 
from use and wear or otherwise degrade scanning 
performance. 



BACKGROUND 



Present rapidly oscillated optical scanning mir- 
rors relying on mechanical linkages and mecha- 
nisms suffer from joint compliance and excessive 
martial reaction forces due to masses associated 
with the scanning mirror. Although the solution, 
which immediately comes to mind, is to eliminate 
all masses which are not absolutely necessary to 
the operation of the scanning mirror, the manner of 
eliminating these masses is the subject matter of 
the present inventive concept In order to achieve a 
constant angular velocity over a major portion of an 
oscillatory stroke of a mirror, the mirror must be 
angularly decelerated, stopped and accelerated in 
the opposite direction in the smallest practical por- 
tion of a scan cycle and be essentially free of 
external forces in the largest practical portion of a 
scan cycle. In the concept presented herein, this is 
effected by an impulse momentum reversal of 
short stroke springs. The energy losses that occur 
during the constant velocity portion of the scanning 
cycle are replaced by piezoelectric actuators or 
thrust generating means. 

An optical scanner with constant velocity linear 
scanning may find many different uses. The most 
popular use being in television. While present pro- 
jectors for very large screen television are pres- 
ently implemented using electronic scanning, the 
present invention of mechanically oscillating reflec- 
tive means could be substituted. Galvanometers 
are commonly used for beam deflection although 
here the scan is typically sinusoidal. The ability of 
the scanner of the present invention to scan 
through very large angles at a constant velocity 
greatly increases its stability over prior art devices. 
In addition, the present inventive concept allows 
use in a micro G environment where the piezoelec- 
tric actuators control the mirror motion in all six 
degrees of freedom. In such a situation, the energy 
losses of bearings could be eliminated and th© 
scanning device can provide further improvements 



over present scanning devices. 

It is therefore an object of the present invention 
to provide an improved optical scanning reflector. 
Other objects and advantages of the present 
5 invention will be apparent from a reading of the 
specification and appended claims in conjunction 
with the drawings wherein: 

Figure 1 is a presentation of the mechanical 
portions of a scanning mirror mounted in a support 
to for use both in normal gravity or microgee gravity 
applications; 

Figure 2 is a representation of the mechani- 
cal portions of a scanning device for use in outer 
space or, in other words, a microgee environment; 
is Figure 3 is a representation of one embodi- 

ment of a piezoelectric actuator for use in Figures 
1 and 2; 

Figure 4 is an electrical block diagram show- 
ing the interconnection of control circuitry for main- 
20 taining a constant velocity scanning mirror system- 
and 

Figure 5 is a representation of further em- 
bodiment of the inventive concept where the dis- 
tance between the travel extremes of the mirror 
25 may be varied and thus, the scan angle may be 
adjusted. 



30 



DETAILED DESCRIPTION 



In Figure 1 a main support frame 10 has addi- 
tional support members such as 12 upon which are 
mounted various piezoelectric or other impulse 
as generating devices such as 14, 16, 18, 20 and 22. 
In the embodiment shown, there are three addi- 
tional piezoelectric devices which are not illustrat- 
ed. An additional support member 24 in combina- 
tion with a support member 26, operate as bearing 
40 supports for a mirror or reflecting means generally 
designated as 28. The mirror or reflecting means 
28 comprises an outer frame 30 having a plurality 
of elastomeric, spring means or bumper means 32 
three of which are illustrated. The piezoelectric 
45 thrust means 14 through 22 are multiple element 
devices as will be later illustrated in Figure 3. 
Depending upon the use of the device, the bearing 
support means 24 and 26 may be merely to hold 
the mirror in a rest position or may provide bearing 
50 support in operation. The manner in which these 
bearings are utilized will depend upon the applica- 
tion and refinement of the software involved in 
controlling the piezoelectric elements or thrust ac- 
tuator means. Although not shown in detail, a fur- 
ther device 34 operates to provide an initial kick to 
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the reflecting means to start the scanning motion. 
This may be any type of initiating device such as a 
solenoid. It may also be commented here that the 
most desirable mode of providing the thrust would 
be from an infinite number of thrust supplying 
devices applied to the entire surface of the mirror 
at the appropriate times. This would provide com- 
plete minimization of vibrations set up in the mirror 
device. Such vibrations are often described by 
physicists as full body impulse vibrations. The 
minimum practical number of thrust devices for a 
unit similar to that shown in Figure 1 would be four 
and these would be mounted at the midpoint of the 
mirror between the bearing supports 24 and 26. 
However, the mirror would, under these conditions 
of thrust application, require a considerable portion 
of the scan cycle to settle down to a substantially 
vibrationless mode for its constant velocity portion 
of the scan cycle. 

In Figure 2 a simplified view is illustrated of the 
scanning device in a free body movement In such 
a condition, at least eight thrust application devices 
are required to provide thrust to the mirror in the 
.six directions of movement so that it will stay 
between enclosing members 50 and 52. A reflect- 
ing means or mirror 54 is shown generally between 
elements 50 and 52 and again the mirror includes 
contact means or short stroke spring means 56 as 
previously indicated in connection with Figure 1. 
Markings will occur at appropriate places on the 
surface of the mirror 54 whereby position detecting 
means such as 58, 60 and 62 may detect position 
information in each of the three axes and thus, the 
six directions of movement of the mirror with re- 
spect to the enclosure elements 50 and 52. In a 
fashion similar to that of Figure 1, a plurality of 
piezoelectric thrust devices 64, are shown for mak- 
ing contact with the short stroke spring means 56. 

In Figure 3 the piezoelectric element 64 of 
Figure 2 is shown in more detail as comprising 
sections 70, 72 and 74. Portion 70 acts in direction 
76 for primary mirror impulse application. Portion 
72 acts in direction 78 to impart a velocity compo- 
nent vertically to the mirror 54 while portion 74 
operates in direction 80 to impart a velocity lat- 
erally to the mirror 54. Each of the portions 70 
through 74 are bonded together and to a support 
such as 50 or 52 of Figure 2. The portion 70 can 
comprise sheet-like piezoelectric elements oper- 
ated In. sheer deformation manner. Application of 
an electrical signal would cause an action in line 
with direction 76. Alternatively, this element could 
be designed to deform in thickness or in length. 
Similar design considerations would apply to ele- 
ments 72 and 74 to provide the thrust in the 
desired directions. The thrust supplied by the three 
portions of actuator 64 are vectorially additive in 
that the impact surface of portion 70 is affected by 



both portions 72 and 74. 

As is known to those skilled in the art, piezo- 
electric elements can be used for both imparting 
energy and detecting energy. Thus, these same 
5 elements can be used to supply signals as to the 
force or magnitude and the direction of impact 
provided when the mirror is decelerating at the end 
of its scan cycle after the contact is made between 
one of the pads 56 and the piezoelectric element 

w 64 of Figure 2. 

Figure 4 illustrates a block schematic diagram 
of the operation of the devices of Figures 1 , 2 or 5. 
A mirror is shown generally as 90 and the position 
of the mirror is ascertained by one or more position 

75 sensors 92 which, in the case of Figure 2, would be 
providing position information for each of the three 
axes. Position sensor 92 would not be necessary if 
full bearing support were provided as optionally 
may be the case in the embodiment of Figure 1. 

20 Position sensor 92 supplies signals to a controller 
block 94 which receives signals from signal con- 
ditioning means 96 as received from actuator 98 
through a switch network 100. The actuator 98 
comprises a plurality of actuator elements as pre- 

25 viously described and the switch network operates 
to supply signals from the actuator to the controller 
94 during the deceleration portion of the scan cycle 
and to supply signals from the controller 94 
through the power amplifier block 1 02 to the appro- 

30 priate actuators during the acceleration phase of 
the mirror scan cycle. A lead is shown as 104 and 
labeled external directives for supplying param- 
eters to the controller 94 as to scan frequency, etc. 
in the embodiment of Figure 5, a further external 

35 signal might be a scan angle signal supplied to a 
positioning means 124. 

In Figure 5 a mirror generally designated as 
110 is mounted between bearing supports 112 and 
114. Columns between the supports 112 and 114 

40 are used to provide support for a plurality of piezo- 
electric actuators 116. A further set of support 
means 118 is shown connected to the support 
elements 114 and 112 and provide a rectangular 
frame for further piezoelectric actuators 120. The 

45 actuators 116 and 120 react with the pads 122 in a 
manner previously indicated. The primary addition 
to the embodiment of Figure 5 is the positioner 
means 124 which is used to change the angular 
distance between the thrust means 116 and 120 

so through the pivotal mounting of the two support 
frames at a pivotal means 126. 

The embodiment of Figure 5 allows an alter- 
ation in the mirror scanning frequency as well as 
providing for an alteration in the scanned angle. 

55 Where only a limited scanning angle is actually 
required, a high scanning frequency may be ob- 
tained while minimizing the thrust required from the 
actuators by merely reducing the distance between 
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the supports through the use of positioner 124 
This w.ll accomplish the desired objectives of in- 
creasing the scanning frequency without increasing 
the , vetocrty of operation. (It may be noted that it is 
des.rable to minimize the amount of thrust so as to 
minimize the vibration damping requirements) 



OPERATION 



As previously indicated, the best solution to a 

Zlr iCa K T annin9 device is one herein all 
masses which are not absolutely necessary to the 
operator . of the scanning device are eliminated as 
well as any movement drag occurring from bear- 

scann.ng device or mirror must be as nearlv as 

free body mode, .t must be controlled in all six 
degrees o freedom. In order to achieve a constat 
angular vetocity over a major portion of the oscil- 
tetory stroke of the scanning device, this devSe 

erated l^f " deCe,erated - sto PP^ and accel- 
erated m the opposite direction in the shortest 
practical time. Windage can be minimis by op- 
erating the scanning device in a vacuum 

Referring now to the embodiment of Figure 1 
us ng beanng supports for mirror 28, it will be 
noted that when the mirror is at a rest cond tion 

sZ r the a s ? ati ° n ' <hat ^ b3SiC 
21h m9 mecnanisr " "nless the energy 

absorbing and releasing contacts such as 32 are 

2f V , m i , COntaCt With ° ne of the P^oelectric 
elements 14 through 22. Thus, some means of 

as a block 34. The initiating mechanism can be any 
of many sources such as a jet of gas. the apptica- 
t<on of electrostatic or electromagnetic field, a me- 
chanical .mpactor or a torsional weak spring which 
, J just sufficient to keep the mirror at one extieme 

On- I r \ P ° n Wh6n the Unit is not active. 
Once a first contact between the contacts 32 and 

heir appropriate corresponding actuator such as 14 

<s ach,eved. the actuators are fully capable of an- 

gularly accelerating the mirror in an ever increa s "g 

frequency until the desired scan rate is achieved 

The nL Pa "'I 2 f rf0rm 3 P ' ura,ity of func «°ns. 
mLT '? 6 f ' rSt P,ace P rote * the reflector 
mechan lsm 28 from shock damage upon impact 
with the piezoelectric elements such as 14 through 

2 J I T 9 " 1 the mirror frame 32 «*>«> being 
deformed by these contacts. Further, and more 
.mportant. the pads 32 perform a function of , m ! 
imi,t m °7: fUni reVerSa ' by ^Pressing upon 

Zor 1 T eXPandi " 9 10 first decelerate ^he 
mirror stop the mirror and then accelerate in the 
oppos,te direction with a minima. «oss ? kinetic 



energy. 

During the deceleration process, the switch 100 
o Rgure 4 is in a condition such that the piezo- 
e ectnc elements such as 20 of Figure 1 are sup- 
s plymg signals through the signal conditioners 96 to 
he controller 94 providing information as to the 
time of the onset of the impact, the intensity there- 
t I V6C,0r distribution °f components of said 
io 3 approximate, y tn e time that the mirror 
'o stops movmg, the switch network 100 alters inter- 

t?oll 6 ? n 9 n 4 e S n f h in reSP ° nSe ,0 3 si 9 nal from c °n- 
It m S ' 9na,S » s W»ed from con- 

trol er 94 through the power amplifiers 102 and the 
switch 100 to the piezoelectric actuator such as 98 

X , ° SUPP ' y ener9y to a PP r °P ria te ones of 
he piezoelectnc elements for supplying energy in 
the : approbate vectorial direction and the appro- 
ve a ™untto make up for energy losses in the 
pads 32. wmdage losses and bearing losses The 
supply is repented in the drawing of 
wh^ ? 3 PU ' Sa Shaper portion of cont roller 94 
SET e T atS V °' ta9e acce| eration e and a 
va .able amplitude voltage e are combined in pulse 

25 22? | netW ^ S t0 Pr ° dUCe the resu,tant «Ul 
EE aCtU3t0r 9a ' f the beari "9 s w ithin the 
beanng supports 24 and 26 of Figure 1 are more 
or .nitial positioning than true high quality bearings, 

Z,nnTT trlC el6rnentS may addition i be P?o- 

»h Jf T e mimr 28 iS situated in a vacu «™ so that 
here are m.n.mal windage losses, and if the bear- 
ng supports 24 and 26 are designed such that 
they are primarily for holding the minor while in a 
35 non-operational condition and during startup, each 
of the p,ezoelectric actuators such as 14 must 
prov.de the thrust in five of the six possible direc 
t,ons of movement of the mirror to keep the mirror 

«o S "° atin9 b6tWeen 816 6Xtremes - P«™ 
24 aS « hT^ b/ bearin 9 su PP°« a 

ItJrt „• 16 C ° ntinUin9 the scan ^iion. In 
Z « «l ™* thiS C ° ntr0 '- P° sJtion censors such 
as 58 60 and 62 of Figure 2 need to be incor- 
porated within the mechanism of Figure 1 and 
<■ supply the information to the controller 94 as to te 

Rou e 0n 4' n ,h eaCh °- *• thfee 3X65 ° f cement, in 
Rgure 4 this portion of the concept is shown by 

he portion sensors block. 92 receiving position 
"formation from the mirror. 90 and supplying it to 
so the controller 94. trying a ro 

hv «M POS u i0 " deteCting means sucn as shown 
by 58 through 62 of Figure 2 may be any of many 
"^ontaoting lateral position detection me ns" 

S5 ITS 217 in I* ^ eXamPfe iS Pate "t 

talff 6 " ame ° f Ho,,y which is ^signed 
to the same assignee as the present invention. 

Although the prefened practical embodiment 
would use sight actuators such as shown in the 
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various Figures 1, 2 and 5, four actuators could be 
located on the midplane as long as appropriate 
bearings were used as illustrated in Figure 1. The 
four actuator arrangement would lack sufficient 
control for all six degrees of mirror motional free- 
dom but would operate satisfactorily in certain ap- 
plications. It must be realized, however, that as the 
number of actuators decrease, the likelihood that 
the mirror will have an extended oscillatory period 
during which no accurate scanning can be ob- 
tained, will increase. The obverse of this would be 
that an infinite number of actuators would evenly 
distribute the forces to the mirror and lessen prob- 
lems of oscillation. In other words, impact caused 
vibration and mirror distortion decrease as a direct 
function of the increase in number of actuators 
evenly distributing the actuating thrusts. 

The material used for the pads 32 as well as 
the material to mount the mirror 14 within the frame 
30 is also quite important from a damping stand- 
point. The damping material for these two portions 
of the device will definitely affect the fraction of 
time devoted to constant angular velocity between 
impacts by quelling vibration whereby changes in 
mirror optical figure after each impact is either 
reduced or eliminated. 

An alternative electrical embodiment replaces 
the power amplifiers of Figure 4 with a segmented 
source of constant electric potential, and also re- 
places the pulse shaping network of the controller 
by components for sinuexponential time calcula- 
tions. Potential segments, for example, battery 
cells, are connected in any desired combination to 
the piezoelectric actuator portions by the switch 
network at times determined by the controller. Fur- 
ther, piezoelectric portions of an actuator have in- 
dependently electrically addressable segments 
(layers), any combination of said piezoelectric seg- 
ments being switchably connectabie to any com- 
bination of potential segments, thereby engender- 
ing the piecewise approximation of any desired 
time function of potential. The timing calculations 
include the sinuexponential variation with time of 
electric charge transferred to or removed from pi- 
ezoelectric segments, each segment acting primar- 
ily as a capacitor, and due to small values of 
inherent resistance and inductance of the electrical 
components and the wiring adjunct thereto. The 
aforesaid resistance and inductance of practical 
embodiments of the present invention are small, 
and therefore cause the sinuexponential behavior. 
The primary benefit of piecewise signal approxima- 
tion by switching segmented sources and mainly 
reactive load segments is fulfilling the function of a 
linear amplifier without actually using a linear am- 
plifier, while a secondary benefit is that of speed of 
actuation, said speed always being greater when 
components are directly connected than when 



driven by linear amplifiers. 

An ideally elastic rebound apparatus such as 
56 of Figure 1 would dissipate negligible energy 
during scanning, and therefore require the actuator 

5 contact surfaces to follow the mirror motion during 
impact and rebound. A variant of the ejectrical 
apparatus comprises separately electrically addres- 
sable piezoelectric portions of each actuator to 
function without interruption during each impact as 

io force sensors, and independently electrically ad- 
dressable portions of each actuator that are un- 
interruptedly controlled by said potential sources 
and potential controlling means, the benefit being 
the extension of the life of components of the 

15 apparatus which are subject to fatigue by reversing 
stresses by the reduction of the maximum force of 
impact attained by maintenance of constant decel- 
eration of the mirror after the onset of impact and 
until zero mirror velocity obtains, caused by impart- 

20 ing a velocity to each piezoelectric actuator which 
matches the velocity of said mirror upon impact. In 
like manner, a controlled constant value of accel- 
eration applied to the mirror after direction reversal 
reduces the maximum force during the rebound 

25 portion of each cycle, and essentially zero force 
when the actuator velocity matches that of the 
mirror as contact ceases. The spring characteristics 
of the elastic impact pads are incorporated into the 
calculation of deceleration and acceleration veloci- 

30 ties. This avoids the non-linear force of impact 
associated with Hertzian, or point-like impact con- 
tacts. The free body variant of the present inven- 
tion requires a vanishingly small quantity of energy 
for continued scanning, namely, the energy lost 

35 through hysteresis of materials in the vicinity of 
impact and of the apparatus as a whole. The ap- 
plication of constant acceleration and constant de- 
celeration to the scanning member reduces the 
hysteretic energy loss by reducing the maximum 

40 force required, the benefit being an electrically 
efficient apparatus as well as one with a useful life 
extended by a reduction of fatigue stresses. Other 
benefits are acoustically quieter operation and re- 
duced stimulation of unwanted structural vibrations 

45 of the mirror that would otherwise obtain under 
uncontrolled non-linear impact acceleration. 

In summary, the present invention is based on 
the concept of utilizing a substantially free body 
mirror scanner which . after initiation of scanning 

so movement uses piezoelectric actuators to detect 
time of impact and direction of impact of the mirror 
with the actuators and then after the scanning body 
stops, the same actuators are used to impart a 
force to the mirror in the appropriate direction and 

55 at the appropriate magnitude to complete the next 
half cycle of the scan motion. The scanning mirror 
approaches the desired objective "constant veloc- 
ity" as an inverse function the magnitude of various 
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losses such as bearing friction, windage, etc. 
Where pads such as 56 are used to provide the 
effect of short stroke springs, deceleration energy 
is temporarily stored and then utilized to produce 
part of the forces to return the mirror to its 5 
"constant velocity" for the next half cycle of the 
scan operation. This reduces the energy require- 
ments of the piezoelectric actuators. The signal 
supplied by controller 94 to the actuators becomes 
more complex if a version such as Figure 2 is 10 
utilized where the actuators are not only producing 
the scanning motion but are used effectively to 
support the mirror against any effects of gravity. 
Even where the concept is used in a microgee 
environment in outer space, there will still be some t 5 
effects of gravity which need to be compensated 
for. The position detectors 58 through 62 of Figure 
2 or alternatively shown as 92 in Figure 4 provide 
the information to the controller 94 for providing 
this gravity compensating information, any other 20 
forces which might alter the relationship of the 
mirror 54 with respect to its supports will also be 
taken into account by the sensors and the control- 
ler to maintain the mirror in an equilibrium status in 
its scanning mode. 2S 

While I have shown a few embodiments of my 
concept. I wish to be limited not by the embodi- 
ments shown but only by the scope of the appen- 
ded claims wherein I claim: 



Claims 



30 



1. Mirror scanning apparatus comprising, in 
combination: 

. 35 
base support means; 

mirror means pivotally attached to said support 
means for operating in substantially constant ve- 
locity scanning cycles between given angular ex- 
tremes and including indicia for facilitating the de- 40 
tection of pivotal positioning information of the mir- 
ror relative said base support means; 
a plurality of combination impact detection means 
and adjustable direction thrust supplying means for 
measuring the impact of said mirror means at its 45 
travel extreme in a given half of a scan cycle and 
for supplying an appropriate thrust to said mirror 
means to return said mirror means to its design 
velocity for the other half of the scan cycle; 
position detecting means mounted in a stationary so 
position relative said base support for providing 
position signals indicative of angular position of 
said mirror means relative said base support 
means; and 

control means connected to said impact detection 55 
means and said position detecting means for re- 
ceiving position and impact information "therefrom 
and supplying thrust signals to said thrust sup- 



plying means to control the movements of said 
mirror means whereby substantially constant scan 
velocity of said mirror means is provided over a 
given range of movement. 

2. Mirror scanning apparatus comprising, in 
combination: 

pivotally mounted mirror means for operating in 
substantially constant velocity scanning cycles be- 
tween given angular extremes and including indicia 
for facilitating the detection of pivotal positioning 
information of the mirror relative said angular ex- 
tremes; 

a plurality of combination impact detection means 
and adjustable direction thrust supplying means for 
' measuring the impact of said mirror means at its 
travel extreme in a given half of a scan cycle and 
for supplying an appropriate thrust to said mirror 
means to return said mirror means to its design 
velocity for the other half of the scan cycle; 
position detecting means mounted in a stationary 
position relative said mirror means for providing 
position signals indicative of angular position of 
said mirror means; and 

control means connected to said impact detection 
means and said position detecting means for re- 
ceiving position and impact information therefrom 
and supplying thrust signals to said thrust sup- 
plying means to control the movements of said 
mirror means whereby substantially constant scan 
velocity of said mirror means is provided over a 
given range of movement. 

3. Signal reflective scanning apparatus com- 
prising, in combination: 

pivotally mounted reflector means for operating in 
substantially constant velocity scanning cycles be- 
tween given angular extremes and including indicia 
for facilitating the detection of pivotal positioning 
information of the reflector means relative said an- 
gular extremes; 

a plurality of impact detection means for measuring 
the impact of said reflector means at its travel 
extreme in each half of a scan cycle; 
a plurality of thrust supplying means for supplying 
an appropriate thrust to said reflector means to 
return said reflector means to its design velocity for 
a majority of the remainder of each half of the scan 
cycle; 

position detecting means for providing output posi- 
tion signals indicative of angular position of said 
reflector means; and 

control means connected to said impact detection 
means and said position detecting means for re- 
ceiving position and impact information therefrom 
and supplying thrust signals to said thrust sup- 
plying means to control the movements of said 
reflector means whereby substantially constant 
scan velocity of said reflector means is provided 
over a given range of movement. 
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4. Signal reflective scanning apparatus com- 
prising, in combination: 

pivotally mounted reflector means for operating in 
substantially constant velocity scanning cycles be- 
tween given angular extremes; 
a plurality of impact detection means for measuring 
the impact of said reflector means at its travel 
extreme in each half of a scan cycle; 
position detecting means for providing position sig- 
nals indicative of angular position of said reflective 
means; 

a plurality of thrust supplying means for supplying 
thrust of an appropriate magnitude and in an ap- 
propriate direction to said reflector means to return 
said reflector means to its design velocity and 
angular position for a majority of each half of a 
scan cycle in response to signals supplied thereto; 
and 

control means connected to said impact detection 
means and said position detecting means for re- 
ceiving position and impact information therefrom 
and supplying thrust signals to said thrust sup- 
plying means to control the direction and velocity 
of movements of said reflector means whereby 
substantially constant scan velocity of said reflector 
means is provided over a given portion of a move- 
ment cycle. 

5, Signal reflective scanning apparatus com- 
prising, in combination: 

pivotally mounted reflector means for operating in 
substantially constant velocity scanning cycles be- 
tween given angular extremes; 
a plurality of impact detection means for measuring 
the impact of said reflector means at its travel 
extreme in each half of a scan cycle; 
position detecting means for providing position sig- 
nals indicative of angular position of said reflective 
means; 

a plurality of pairs of thrust supplying means an- 
gularly spaced apart and situated on opposing 
sides of said reflector means for supplying thrust of 
an appropriate magnitude and in an appropriate 
direction to said reflector means to return said 
reflector means to its design velocity and angular 
position for a majority of each half of a scan cycle 
in response to signals supplied thereto; 
adjusting means, connected between said pairs of 
thrust supplying means for adjusting the angular 
spacing distance between cooperating pairs operat- 
ing to accelerate said reflector means in opposite 
directions and thus the angular extremes of opera- 
tion of said reflector means; and 
control means connected to said impact detection 
means and said position detecting means for re- 
ceiving position and impact information therefrom 
and supplying thrust signals to said thrust sup- 
plying means to control the direction and velocity 
of movements of said reflector means whereby 



substantially constant scan velocity of said reflector 
means is provided over a given portion of a move- 
ment cycle. 

6. Signal reflective scanning apparatus com- 
5 prising, in combination: 

reflector means for operating in substantially con- 
stant velocity scanning cycles between given an- 
gular extremes; 

impact detection means for measuring the impact 
70 of said reflector means at its travel extreme; 

position detecting means for providing position sig- 
nals indicative of angular position of said reflective 
means; 

a plurality of thrust supplying means for supplying 
75 thrust to return said reflector means to its design 
velocity and angular position for a majority of each 
half of a scan cycle in response to signals supplied 
thereto; and 

control means connected to said impact detection 
20 means and said position detecting means for re- 
ceiving position and impact information therefrom 
and supplying thrust signals to said thrust sup- 
plying means to control the direction and velocity 
of movements of said reflector means whereby 
25 substantially constant scan velocity of said reflector 
means is provided over a given portion of a scan 
cycle. 

7. Optical scanning means comprising, in com- 
bination: 

30 support means, including at least 2 pairs of spaced 
apart variable impulse generating means; 
signal reflecting means, pivotally mounted for rota- 
tion around a first axis in a limited movement arc 
whose limits are defined by the spacing of one of 

35 said pairs of impulse generating means; 

contact detecting means, comprising a part of said 
support means and connected to said variable im- 
pulse generating means, for determining the time 
between contacts of said reflecting means with said 

40 impulse generating means; and 

control means, connected between said contact 
detecting means and said impulse generating 
means for varying the energy content of each 
impulse provided by said impulse generating 

45 means to maintain the time between contacts of 
said reflecting means with said impulse generating 
means at a predetermined value. 

8. Scanning means comprising, in combination: 
spaced apart variable impulse generating means; 

so signal reflecting means, rotatable around a first axis 
in a limited movement arc whose limits are defined 
by the spacing of said impulse generating means; 
contact detecting means, comprising a part of said 
variable impulse generating means, for determining 

55 the time between contacts of said reflecting means 
with said impulse generating means; and 
control means, connected to said contact detecting 
means and said impulse generating means for 
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varying (he energy content of each impulse pro- l 
vided by said impulse generating means to main- 
tain the time between contacts of said reflecting 

means with said impulse generating means at a t 
predetermined value. 5 

9. Signal reflective scanning apparatus com- 
prising, in combination: 

reflector means for operating in substantially con- 
stant velocity scanning cycles between given an- 
gular extremes; 

impact detection means for measuring parameters 
relative the impact of said reflector means at its 
travel extreme; 

a plurality of thrust supplying means for supplying 
thrust to return said reflector means to its design 75 
velocity and angular position for a majority of each 
half of a scan cycle in response to signals supplied 
thereto; and ~ 

control means connected to said impact detection 
means for receiving impact information therefrom 
and to said thrust supplying means for supplying 
thrust signals to control the direction and velocity 
of movements of said reflector means whereby 
substantially constant scan velocity of said reflector 
means is provided over a given portion of a scan 
cycle. 
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© Constant velocity scanning apparatus. 



© The present invention relates to an optical scan- 
ner of a design whereby mechanical wearing parts 
are minimized. This is accomplished by using piezo- 
electric actuators (14,16,18,20,22) to supply thrust 
energy to move the reflecting mechanism of the 
scanner and using a corresponding and cooperating 
piezoelectric actuator at the other extreme of move- 
ment of the reflector to sense the amount of impact 



for use in calculating the energy to be supplied for a 
return thrust. The magnitude of energy required is 
minimized by using contact pads between the scan- 
ner and the actuators which effectively operate as 
short-stroke springs (32) whereby the actuators only 
need to supply the energy losses in the pads and 
from windage and bearing friction. 
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